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1
INTRODUCTION

The ever increasing use and manufacture of chemical
pesticides has aroused concern for the possible injurious
i

effects of these compounds on soil microorganisms and their
activities of significance in soil fertility*

Certain

insecticides have been shown to resist chemical and bio¬
logical degradation, and have been found to accumulate in
the environment*
The rapid degradation of toxic insecticides is desirable
from the standpoint of ecological health*

Some recalci¬

trant molecules appear in water supplies, and concern is
v/arranted ..regarding possible effects on human and on ani¬
mal life, which depend on so many detailed and subtle
aspects of the environment*

It therefore behooves soil

microbiologists to study the effect and fate of pesticides
in the soil*..

...

;

In the present study, the soil ecosystem response to
Sevin and its degradation products have been investigated
with attention being directed to the following areas;
•

i

population distribution changes in the soil induced by
Sevin and its degradation products, the effect of Sevin.
on soil enzyme systems, fate of Sevin in the soil, and
effect of Sevin and its degradation products on the
growth of soil isolates.

•.

*
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LITERATURE REVIEW
I

•«

*

4

Sevin (l~naphthyl-N~methyl carbamate) Is registered
for use ?n more than forty different fruit, vegetable, and
forage crops and is effective against a variety of insects
by virtue of its anticholinesterase activity•
•

i

Sevin, also
<*■

known as Carbary1, is usually applied at rates of 0,5 to
2 pounds per acre and is commercially available in several

formulations#

Sevin is available as a dust, mixed with

inerts (acidic clays) to give final concentrations of 1 to
50 percent Sevin#

It is also used as a wettable powder

and as sprayable formulations of 75 to 85 percent Sevin#
Repeated applications are necessary at 7 to 10 day intervals in areas of heavy rainfall and at 2 to 3 week inter¬
vals when the weather is dry#

... ..

Carbamates, the class of pesticides of vrhich Sevin is
j

a member, .inhibit cholinesterase competitively and reversibly
and there is general agreement that cholinesterases.degrade
at

carbamates.in a very slow reaction.

Anticholinesterase

activitySevin is presumably a function of the :r0C(0)~
group which binds to the esteratic site of the enzyme,
preventing access of acetylcholine (O'Brien, 1963)*.:'II? has
been reported that houseflies can develop resistance to
Sevin (Eldefrawi, et# al., 1959)«

►

Sevin was first prepared by J.A. Lambrech in 1959*
It is a white, crystalline solid with a melting point of
142°C and is less than 0.1# soluble in vrater#

While

3
soluble In polar organic solvents, it is insoluble in
common organic solvents.

Sevin is stable in neutral or

acidic aqueous media but is hydrolyzed under alkaline
conditions to form 1-naphthol, CO^, and methylamine*
1-Naphthol and phthalic acid have been identified by gas
chromatography and thin layer chromatography after ultra¬
violet light exposure of Sevin (Crosby, 1964).

The half-

life of Sevin v?as determined to be ? to 9 days (Back, 1965)*
Bollag and Liu (1970) investigated the decomposition
of Sevin with several microbial isolates from soil.

They

established that all the isolated microorganisms hydrolyzed
Sevin to 1-naphthol*

A fungus Identified as Pusariurn

solan! was able to metabolize 1-naphthol readily, but not
completely, and a bacterium, a gram negative coccus,
degraded i-naphthol gradually.
M.I* Naguib (1968) working with Rhizoctonla solan!
determined that Sevin, up to 125 ppm, reduced the rate
of respiration of this organism, coupled with low sugar
and phosphate absorption*

Concurrent with such observa¬

tions were low carbohydrate and protein synthesis accom¬
panied by low organic phosphate, keto acid, and sulfhydryl
content*
DeGiovanni-Donnelly (1968) studied Sevin for its
phenotypic and genotypic effects on Bacillus subtllus*
s

Sevin was used at low concentrations due to its poor
solubility, yet some inhibition of growth and a tendency
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for long chain formation was noted.

Mutation analyses

revealed that Sevin was not mutagenic, at least at the
indole locus of B. anhtllls.
Christie (1969) examined the effect of Sevin on algae
and found that Sevin is inhibitory to Oilore11a pyrenoldosa
at concentrations of 0.10 mg/L and greater.

The extent of

inhibition was greater in acid (pH 6.0) than in basic (pH
9.0) medium.

The pesticide was dissolved in 95% ethanol.

Evidence was put forward that the half life of Sevin is
longer in aquatic environments than in the soil.

Degradation

products of the pesticide in the algal cultures were not
ascertained.
Bartha, Lanzilotta, and Pramer (1967) while invcstij

gating the Influence of 29 pesticides on C02 production
and nitrification by soil microorganisms, determined that
Sevin, at 150 ppm, inhibited CO2 production by 6.5/£ over
a 30 day period.

Nitrate production was inhibited by an

average of 60% after a 12 day period with 150 ppm Sevin.
1-Naphthol, a degradation product of Sevin, is oxidizable
by a few pseudomonads and some mycobacteria (Tausson, 1927).
Microbial attack on the aromatic ring appears to be dependent
on Induced enzyme formation (Rogoff, 1961).

Treccani,

Walker, and Wiltshire (1953) found that several different
pseudomonads which had been grown with naphthalene as solo
carbon energy source gave an immediate oxygen uptake with
1-naphthol as substrate.

Conoern has beon expressed as to

. .
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the toxic effects of excessive 1-naphthol in the environ¬
ment*

A species of Pseudomonas grown on methylamine has
been reported to elaborate an enzyme that catalyzed the
formation of N«methyi glutamic acid and ammonia from Lglutamic acid*

Similar N-methyletion occurred from methyl-

amino to carcosino* alanine, and aspartic acid (White, et.
al*8 1968).

Methylamine has been studied in relation to its

effect on nitrification*

The rates of transformation into

nitrate of methylamine showed Initial time lags which indi¬
cate that it is attacked by organisms other than the nltrifiers before nitrification*

It has been determined that

methylamine cannot serve as a nutrient source of nitrogen
for isolating nitrifying bacteria.

Also, methylamine at

concentrations of 0.005 M (7 ug/ml) inhibits respiration
of isolated Nitrosomonas by

(Lees, QuasteX, 19^6).

In a study designed to discover the effects of a single
application of 2 pounds per acre of Sevin on an intact
ecosystem, Barret (1968) showed that density, biomass, and
diversity of j^rimary and secondary consumers were reduced
following insecticide treatment.

The effects of the treat¬

ment on community organization persisted long after the
toxic residues had disappeared*

Sevin was noted to cause

a significant decrease in the rate of litter decomposition,
probably due to killing or repelling of the microarthropods
which are known to be important in the primary breakdovm

6
of leaf litter®

Barret also showed that an assumed safe

application rate of Sevin can elicit side effects such as
a delay Jn mammalian reproduction®

A 4 week delay in repro¬

duction and a consequent lag in population density growth
rate of field mice occurred in the treated grid®
.While studying fungal transformations of Sevin,
Bollag and Liu (19?i) isolated metabolites from the fungal
growth media by thin layer chromatography.

Three metabolic

products v?ere identified as 1-naphthyl K-hydroxy-methyl
carbamate, 4»hydroxy-l-naphthyl methylcarbamate, and 5-hydroxyi-naphthyl methylcarbamate®

Thus, it seems that N-alkyl

and aromatic ring hydroxylation of Sevin are important
detoxification reactions in' the fungi under investigation®
The fungi Included in this study were species of Aspergillus,
Pusarium, Mucor. Rhizopus, and Gliocla&lum®

There were

indications that a further breakdown of the hydroxylated
metabolites can occur®
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METHODS AND MATERIALS
I*

Effects of Sevln and i-naphthol on coll microflora
A.

Soil samples o

The soil used in the following

experiments was a coarse sandy loam soil obtained from the
University of Massachusetts Experimental Farm In Sunderland
Massachusetts.

The soil had not been chemically treated

previously so that any response of soil microorganisms to
the pesticide under investigation could be judged to be
due solely to the effect of the pesticide.

A more detailed

description of the soil properties is given in the appendix.
Five series of A pots, each containing 1000 gm (dry
weight) of coarse sandy loam soil sifted through a 2mm
screen were amended with 0, 50t 100, 150, and 1000 ppm
Sevln*

The soil in each pot was brought up to optimum

moisture level.

Optimum moisture was considered as 60^

of the moisture holding capacity of the soil.
was maintained daily.

Thin level

The acid soil was amended with

CaCO~ to raise the soil pH to neutrality.

In a second

experiment, a similar series of pots was set up, amended
with 0, 1, and 10 ppia of Sevln, and treated as were the
pots in the first experiment.
B.

Plating techniques.

Ten gm of soil were removed

weekly from each series of pots (2.5 6m Per P°t *n eacil
series) and by dilution technique the soil sample was
plated for microfloral counts.

The 10 gm camples of soil

8
were added to 95
for 3 Eln.

of sterile water and shaken vigorously

From this dilution, 10 ml of the soil suspension

was transferred to 90 ml of sterile water and shaken for
3 min.

Serial dilutions were made until dilutions of 10“^

and 10"? were reached.

One ml of the appropriate dilution

was added to triplicate sterile petri plates.

Approximately

20 ml of the appropriate growth medium kept at 4?°C were
added to each plate and the plates swirled to effect even
distribution of the soil sample throughout the medium,
C,

Media and counting procedures.

Bacterial numbers

were enumerated on soil extract agar and nutrient agar.
Fungal counts were made on peptone-glucose agar at pH 4.0
and actinozsycetes were counted on glycerol agar.

Media

i

are described in full in the appendix.
All dilutions were plated in triplicate.

The soil

dilution giving 30-300 colonies per plate were selected
and the plates of 3 counts within this range averaged.
The results were calculated to give numbers of organisms
per gram of soil on a dry weight basis,
D.

Determination of residual Sevln and 1-naphthol.

Ten gm soil samples were added to 250 ml Erlenneyer flasks
containing 100 ml of redistilled methylene chloride and
5 gm of KGH2PO4.

The soil in the flasks was crushed with

a glass rod and the flasks were put on a rotary shaker for
6 hours.

After the incubation period, the mixture was

filtered through a medium porosity glass fritted funnel and
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the filtrate was drained into a 500 ml round bottom
flask#

The funnel and the receiving flask were rinsed

with methylene chloride and the washings were added to
the round bottom flask.

Method 30-U1A15-7 for separato

determination of Scvin and 1-naphthol in raw agricultural
commodities, obtained from the Union Carbide Chemical
Corporation, vias used as protocol for analysis from this
point#
Determination of residual Sevin and 1-naphthol by
this method is summari?ied as follows.

Sevin and 1-naphthol

are extracted from the soil with methylene chloride#

The

slurry with added NaHgPO^ is filtered to obtain a clear
methylene chloride extract#

The solvent is removed by

vacuum distillation at 30°C leaving residues and other
natural materials.

These are separated from the pesticide

residues by solution with acetone and reprecipitation through
the addition of a large amount of water containing coagu¬
lating agents#

The residues are further isolated by

extraction from the filtrate with methylene chloride#

The

extract is divided for a total (Sevin plus 1-naphthol) and
a 1-naphthol determination.

...

In both cases the solvent is

removed at low pressure in the presence of polyethylene
glycol which acts as an evaporation retardant for 1-naphthol.
The total determination is made by reacting the residues
with alcoholic KOH to saponify residues of Sevin.

An

excess of acetic acid is added and the resultant solution
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Is reacted with p-nitro-benzene diazonium fluoborate to
Tom a yell0.7 dye* the Intensity of which Is proportional
to the 1-naphtbol and Sevin concentrations.

The l~naphthol

determination is made in the same manner except the residue
is not saponified, thus oiily 1-naphthol is measured*
II©

Effect of Sevin and its degradation products on soil
enzyme systems
Ao

Effect of Sevin, 1-naphthol, and methylamlne on
♦

Twenty-five gm soil samples

were amended in triplicate with 0, 25» 50* 100, and 150
ppm 1-naphthol, 06 250 50, 100, and 150 ppm Sevin, and 0,
V •

50, and 150 ppm methylamina0
CaCO^ to raise the pH to 6.5*

The soil was amended with
Twenty-five mg of nitrogen

as NH4H2PO4 V7as added to each 25 gm soil sample and each
sample was brought up to optimum moisture, considered as
60 % of the moisture holding capacity of the soil.
Nitrate was extracted from the soil according to the
method of Jackson (1958),

One hundred and tv7enty-five ml

of nitrate extracting solution (200 ml of IN CuSO^ and 1
liter of 0.6$ Ag2S04 diluted to 10 liters with water).was
mixed with the soil in a flask and shaken for 5 min.
Calcium hydroxide, 0.2 gm, was added to the suspension and
the flask was again shaken for 5 nln.

One-half gm of

MgCO^ was added to and mixed with the suspension and shaken.
The suspension was filtered, the first 20 ml of filtrate
were discarded, and the remaining filtrate was cleared with

11
norite at a concentration of 0.5 gra per 50 ml of filtrate.
Two ml of the filtrate were used for analysis.

The samples

wore analyzed by the phenoldlsulfonic acid method (Lees,
Quastel, 1946) at 6 day intervals during a 24 day period.
BV

Effect of Sevln and 1-naphthol on dehydrogenase

activity in the soil.

Duplicate 20 grn samples of soil in

tubes were amended with 0, 25, 50, 100, and 150 ppm Sevin
and with 0, 25, 50, 100, and 150 ppm 1-naphthol.

Two

hundred mg of CaCO^ were mixed with each soil sample and
a 0.5^ solution of trlphenyltetrazollum chloride was added
to bring the soil in each tube to 50% of saturation.

Dis¬

tilled vzater was then added to bring the soil in each tube
to saturation.

The surface of the soil was tamped with a

glass rod to reduce access by air and the tubes were stop¬
pered and incubated at 28°C.
The tubes were analyzed for triphenylformazan (reduced
trlphenyltetrazollum chloride) at intervals of 24, 48, 72,
and 168 hours.

For analysis, 25 ml of methanol were added

to each tube and the contents were stirred for 5 minutes.
The resulting slurry was filtered under vacuum through
Whatman No. 5 p&per and the soil was extracted with two
successive 10 ml aliquots of methanol.

The combined meth¬

anol extracts were made to 50 ml In a volumetric flask and
optical density >7as measured at 485 mu using methanol as
a blank.

The readings were converted to concentrations by

reference to a standard curve obtained using triphenyl-
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formazan in methanol (0.0 to 0.06 mg/ml).

Results were

recorded in terms of volume of hydrogen transferred in
20 gm of soil durins the reduction of trlphenyltetrazolium
chloride jo triphenylformazan.
In studying the effect of Sevin and 1-naphthol on
soil dehydrogenase activity, 2,3,5 trlphenyltetrazolium
chloride Is used as an indicator for this activity.

In

the absence of free oxygen, the tetrazollum salt acts as
the terminal hydrogen acceptor for the dehydrogenase system
and colored triphenylformazan is formed according to the
equation:

2,3,5 TTC + 2E -> TP? + HC1.

The formation

of 1 mg of triphenylformazan requires 150.35 ul of hydro¬
gen, so the volume of hydrogen transferred can be calculated
from the amount of triphenylformazan formed in the soil.
In soil the reduction of the indicator is dependent solely
on the normal enzymatic activity of the cells (Stevenson,
1959).
C.

Effect of Sevin and 1-naphthol on urease activity

in the soil.

Duplicate 100 gm soil samples were amended

with 0, 50, and 150 ppm Sevin and a parallel series was
amended with 1-naphthol.
to raise the pH to 6.5.

The soil was treated with CaCO^
Thirty mg of nitrogen as urea was

mixed with each soil sample.

The soil samples were placed

in flasks and brought up to optimum moisture level (60^ of
the moisture holding capacity).

The flasks were plugged

and the total weight of each complete unit was determined.
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The flasks were Incubated at 28°C for 7 days, at
which time each unit was placed on a balance and brought
up to the original weight with distilled water.

The soil

was mixed with a sterile spatula and 10 gin were removed
from each flask.

The flasks were rewelghed and reincubated

at 28°C for an additional 7 days, after which the above
steps were repeated.
Three gm of the 10 gm sample were placed in a Kjeldahl
flask with 30 ml of 2N KC1 and 100 mg of MgO and NII^ was
t

extracted by steam distillation.

Ammonia concentration

was determined by Nesslerizatlon (Allen, 1957)•

The concen¬

trations of nitrate and nitrite in the distillate were also
determined.

The remaining 7 gm of the sample were used in
i

soil pH determination.
III.

Growth of soil isolates in the presence of Sevin and
l~naphthol
A.

Dry weight determination.

Nino soil isolates and

an Arthrobacter sp.were grown to late log phase in nutrient
t

broth on a rotary shaker at 25°C.

Growth measured by

changes in optical density of the culture was determined
on the Klett-Summerson photocolorimeter*
taken through a rod filter at 670 mu.

Readings were

The colls were

serially diluted 1:1 (25 ml of cello in 25 ml of nutriont
broth to obtain final cell dilutions of undiluted, 1:1,
1:2, and 1:4) and the optical density of each dilution was
determined on the photocolorimeter.

Twenty ml of each

dilution was centrifuged at 10,000 rpm for 10 min. and
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the nutrient broth was drained off.

The colls were resus¬

pended In phosphate buffer,.(pH 7,0) and the suspension was
recentrifuged at 10,000 rpm for 10 min.

The supernatant

fluid was discarded and the cells vere placed in tared
aluminum pans and dried in an oven overnight at 80°C.

Tho

relationship between the mass of each culture suspension
and its optical density was thus determined for the KlettSummerson photocolorimeter.

The region over which linearity

between optical density and mass Is maintained was deter¬
mined, and in making subsequent measurements, dense cell
suspensions were diluted to an optical density that fell on
the linear portion of the curve.

All optical density

readings were determined with a matched set of glass tubes
made specifically for the Klett-Summerson photocolorimeter.
B.

Effect of Sevln and 1-naphthol on generation times

of soil bacterial Isolates.

Each soil isolate and the

Arthrobacter sp. was grown respectively in 50 ml of nutrient
broth, nutrient broth with 0.1 ml of 95% ethanol, nutrient
broth with 50 ppm Sevln, nutrient broth with 150 ppm Sevin,
nutrient broth with 50 ppm 1-naphthol, and nutrient broth
with 150 ppm 1-naphthol.

Sevln and 1-naphthol were dissolved

in 35% ethanol and 0.1 ml of the solution was added to each
amended flask, to obtain final concentrations of 50 and
150 ppm.

Optical density was determined fer each culture

through the log phase on the Klett-Summerson photocolorimeter and coll mass was determined from the cell mass vs.
optical density curves.

r
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C.

Growth of a Bacillus sp, In nutrient broth

amended with 1-naphthql,

A soil isolate, a Bacillus sp.,

was grown in nutrient broth.

Serial dilutions of the

organism were made into 250 ml Erlenmeyer flasks containing

30 ml of nutrient broth amended with 150 ppm of 1-naphthol,
and into a similar series of flasks amended vjith 300 ppm of
1-naphthol.

The 1-naphthol vjas dissolved in 95$ ethanol

and 0,1 ml of the solution was added to each flask to make
the final desired concentrations of 1-naphthol*

The

inoculated dilutions, 0,1 ml, were also spread on nutrient
agar plates in order to determine the viable cell count
of the inoculum.

Growth of the Bacillus sp. v?as deter¬

mined by turbidity and by microscopic examination.
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ESSULTS
I*

Effoots of Sevin and 1-naphthol on soil microflora
The results of the pot experirent with applications

of Sevin at concentrations of 1 and 10 ppm indicated that
the pesticide exerted no significant effect on the numbers
and types of microorganisms in the sandy loam soil (Table 1).
These lower concentrations of Sevln approximate the normal
field application rates of the pesticide,
Sevin stimulated soil bacteria and actinomycetes in
the sandy loam soil when it was applied at concentrations
greater than and Including 50 ppm (Fig. 1-3)*

The soil

fungal populations appeared unaffected by the higher
application rates of Sevin (Fig. 4).

Mo fungal stimulation

was observed nor was any shift in fungal populations
apparent•
A soil pseudomonad was observed to increase in
number on the nutrient agar plates after the soil had
been incubated with the pesticide for 3 weeks.

The

increase in numbers of the organism was correlated with
an increase in the pesticide concentration.

The stimula¬

tory effect of 50 to 150 ppm Sevin on the soil bacterial
population persisted for 9 weeks (Fig. 2).

The soil

extract agar plates failed to show the marked bacterial
stimulation effected by Sevin that was observed in the
nutrient agar plates.

Nutrient agar, a less selective

medium than soil extract agar permitted growth of a more

17

Table 1
Effect of *1 and 10 ppm of Sevin on numbers
of soil microorganisms in a sandy loam soil

Medium
soil
extract

Organism

ppm
Sevin

weelc 1

week 2

week 3

week 4

bacteria

0
1
10

4.2xiof
4.3x5.0°
4.3x10°

4.1x10^
4.0x10°
4.2x10°

4.8x10^
5.6x1of
6.4x10°

4.3x10^
4.5x10°
5*5xl0&

fungi

0
1
10

1.5x105
ic6xlo|
1.8x10^

0.9xl05
1.4x102
i.6xlo5

1.3x105
1.3xl0f
1.3*105

1.2x105
1.2x105
1.5x10^

actino«
mycetes

0
1
10

3.2x10^
3.2xl0§

3.1x10^
3.0x100
3.5xl06

3.0xio^
2.9x10°
4.1x10°

2.8x10^
2.8x1Of
3.8x100

agar

peptone-*
glucose
agar

glycerol
agar

i

—

j»-r jja

3.8x106

immiTu utUwfZ*

Organisms X lOVg™ Soil

Figure 1.

Weeks
EFFECT OF SEVIN ON BACTERIAL POPULATIONS
IN A SANDY LOAM SOIL-SOIL EXTRACT AGAR

Organisms X I06 per gm Soil

EFFECT OF SEVIN ON BACTERIAL POPULATIONS
IN A SANDY LOAM SOIL-NUTRIENT AGAR

Figure 3.

EFFECT OF SEVIN'ON ACT1NOMYCETE
POPULATIONS IN A SANDY LOAM SOIL

21

EFFECT OF SEVIN ON FUNGAL POPULATIONS
IN A SANDY LOAM SOIL
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diversified soil bacterial population.

Bacterial numbers

increased up until the third week of Incubation and then
declined on tho soil extract agar plates (Pig 1).

Soil

pH remained constant at ?.0 to 7.1 throughout the experi¬
ment •
The decline in the soil bacterial population on the
nutrient agar dilution plates from week 3 to week 4 was
parallelled by a peak in the actinomycete population.

The

decline in bacterial numbers, an antagonistic interaction
with the actlnomycetes, was observed only the nutrient
agar plates from the pots amended with 1000 ppm Sevln
(Fig. 5).
Scvin was rapidly metabolized by the soil microflora,
yielding a new product or products*

Addition of 50 PP^

Sevin to the soil resulted in immediate disappearance of
the parent compound at a maximum rate*

The higher appli«

cation rates of Sevin were metabolized at maximum rates
after an incubation period of 1 week (Pig* 6 and 7» and
Table 2)*

The half-life of the parent compound in tho

soil was determined to be approximately 7 days*
✓

.

One-

•

naphthol was detectod in the soil from the pots amended
with 1000 ppm Sevin (Pig* 7).
Recovery of Sevin from the soil was 90
added*

%

of the amount

One-naphthol was not recovered from the soil after

6 hours incubation*

It seemed likely that the amouno of

1-naphthol added (250 ug/5 ga soil or 50 ppm) would not be

SOIL (
ACTINOMYCETES X !Os/G
INTERACTION BETWEEN BACTERIAL AND ACTINOMYCETE
POPULATIONS IN THE PRESENCE OF SEVIN

24

Tabic 2

Disappearance of Sevin from the Soil
Percent of parent compound remaining
after week:
Concentration of
Sevin (ppm)

•
0

1

«n»

2

2

*iT»

4

5

6

1

8

■K*

50

100

69

36

13

9

1

0

0

0

100

100

93

47

12

8

0

0

0

0

150

100

91

4?

12

4

0

0

0

0

1000

100

94, 48
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Figure 6.

DISAPPEARANCE OF SEVIN
SANDY LOAM SOIL
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metabolized in 6 hours hence, adsorption of the molecule
to vafious soil fractions was Investigated.

It was deter¬

mined that i-naphthol could be strongly adsorbed to clays
with expanding lattices such as illite and bentonite
(Table 3), and that the adsorption of 1-naphthol and not
Sevin may be due to the physical inability of the larger
molecule to "fit” into the Interlayer space between the
clay lattices.

It was determined that i-naphthol would

not be adsorbed to soil that previously had been sterilized
by autoclaving.

Ninety percent of added 1-naphthol was

recovered from autoclaved soil.

One-naplithol could noc

be recovered from soil that had previously been sterilized
by ethylene oxide gas.

V/horeas autoclaving the soil

disrupts the clay lattice structure, thus preventing
1-naphthol adsorption, ethylene oxide sterilization
exerted no such disruptive effect and 1-naphthol was adsorbed
to the clay lattices.
The following solvents were used unsuccessfully in
attempt to extract 1-naphthol from the soil:

methylene

chloride, chloroform, acetone, methanol and acetonitrile.
The highest recovery of 1-naphthol was ±0/1 of tne amount
added (Table 4).

Soxhlet extraction of the soil for 24

hours with methylene chloride failed to increase the
recovery of 1-naphthol.
Recovery of 1-naphthol from the pots amended with
1000 ppm of the pesticide Indicates that the clays had

Table 3

Recovery of 1-naphthol fron soil fractions

Soil fraction

Percent recovery froa
soil fraction

Peat

82

Sand

82

Interlayer
space (a)

Clays
Alu^lnun
hydroxide

73

Kaolin!te

82

0

Verrslcnllte

83

4-5

Illite

5

8

Bentonite

6

8

Compound
1-naphthol
Sevln

Approxlr.ato Dimensions
(calculated)
6.3 try 6.7 2
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Table 4
Extraction of 1-naphthol from a sandy loam soil

Percent
recovery
Soil sterilized by autoclaving*
One-naphthol
added* Incubated 6 hours. Extracted with
methylene chloride••«•••*•••••••••«••••••••*•«••*«•

90

Sand sterilized by autoclaving.
Cne raphthol
added* Incubated 6 hours. Extracted with
methylene chloride*•••«••••••••••••••*•••*••••••«••

88

Soil sterilized with ethylene oxide gas; Onenaphthol added.
Incubated 6 hours. Extracted
with methylene chloride.6

Extraction systems:
methylene chloride

6

chloroform

0

50^ methylene chloride-50^ chloroform

0

10X methylene chloride-90^ chloroform

0

10^ acetone-90^ methylene chloride

0

10# acetone-90# methanol

0

methanol

5

acetone

0
%

x.

»

*

acetonitrile
Soxhlet extraction with methylene chloride

10

0
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become saturated with the compound at this high appli¬
cation concentration.

One-naphthol recovery from the

soil indicated that Sevln was degraded to 1-naphthol by
the soil microflora.
II*

Effect of Sevin and its degradation products on soil
enzyme systems
A*

Effect of Sevln, 1-naphthol, and nethylamlno on

nitrification in the soil*

Sevin inhibited nitrification

in a sandy loam coil when applied at concentrations of 50
ppm or more*

The Inhibition was greatest after 12 days,

but toxicity was observed at concentrations of 100 and
150 ppra after 6 days.

Sampling at 18 and 24 days revealed

that the soil system was able to recover from the toxic
effects engendered by the Sevin molecule (Pig. 8).
The effect of 1-naphthol on coil nitrification was
not as pronounced as the effect of Sevin on this process.
Slight inhibition of nitrification occurred after 6 days
Incubation in the soil samples amended with 100 and 150 ppm
1-naphthol*
bation*

No inhibition was observed after 12 days incu¬

After 18 days Incubation, slight stimulation of

soil nitrification by 50 PPn 1-naphthol was noted, and
slight toxicity resulted from the higher 1-naphthol
concentrations (Pig. 9)*
Kethyiamine exhibited toxic effects on soil nitrifi¬
cation that parallelled the pattern of Inhibition of the
parent pesticide molecule.(Fig. 10).

Inhibition was greatest

Figure 8
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Figure 10.

EFFECT OF METHYLAMINE ON
NITRIFICATION IN A SANDY
LOAM SOIL

et 12 cays Incubation, after vhich the soil system seemed
to recover.
B.

Effect of Sevln ar.d 1-r.aohthol or. dehydrogenase

activity Ir. the soil.

Sevln markedly stimulated dehydro¬

genase activity in a silt loam soil.

After 7 days incuba¬

tion, maxinun dehydrogenase activity occurred in the sample
amended vith 50 ppm Sevln.

Stimulation of dehydrogenase

activity had also been observed after 2 days incubation
vith all concentrations of 1-naphthol used.

Sampling on

the third day revealed inhibition of dehydrogenase activity
at all Sevin concentrations, with significant toxicity
resulting from the highest application rates of the pesti¬
cide.

The soil recovered from this Inhibition, and by 7

cays the pesticide had stimulated a significant increase
in soil dehydrogenase activity (Fig. 11).
Cne-naphthol, on the other hand, after 2 days Incuba¬
tion In a silt loan soil, inhibited dehydrogenase activity
when applied at concentrations of 50 ppm cr more.

By the

seventh day of incubation, 25 and SO ppm 1-naphthol
caused a stimulatory effect on soil dehydrogenase activity,
whereas 100 ppm, 150 ppm and 5^0 ppm inhibited this process,
the highest application rate retarding dehydrogenase
activity by 50^ (Fig. 12).
After 14 days incubation in a sandy loam soil, Sevln
restricted dehydrogenase activity at rates of 25 PP- and
greater.

After 7 days, the soil sample amended with 25

pm Sevin was comparable in dehydrogenase activity with

o
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IN A SILT LOAM
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the control sample, while the sample receiving 50 PPm
showed enhanced dehydrogenase activity*

Concentrations

of Sevin greater than 100 ppm were toxic to soil dehydro¬
genase activity (Pig. 13)*
-

c•

Effect of Sevin and 1-naphthoi on urease activity

in the soil-

Sevin and 1-naphthol exhibited no toxic

effects on soil urease activity*

In fact, both compounds

appeared to enhance this process (Fig* 14 and 15)*

No

nitrate or nitrite was detected in any of the soil samples
at any time during the experiment.
was 7.0 after 1 week of incubation.

Soil pH for all samples
It rose to pH 7*4-7.6

in the samples by the second week of incubation, and subse¬
quently dropped to pH 7.1-7.2 by the third week.
III.

Growth of soil isolates in the presence of Sevin and
1-naphthol
^
Fifty ppm Sevin in nutrient broth caused a significant

increase in the generation time of 7 of the 10 soil isolates
examined (Table 6).

Generation time for 3 of these organisms

was increased by 10-15*. and by 27-100* for the remaining 4
bacteria.

Increasing the Sevin concentration to 150 ppm -

resulted in a further delay in generation for 4 of the 10—
Isolates.

The doubling time of 4 of the Isolates remained

.

the same as in the presence of 5° PPm Sevin, and the
doubling time of 2 of the isolates was actually shortened
in tho.presence of the higher concentration of the pesticide.
Three of the 10 isolates would not grow in the presence

IN A SANDY LOAM

SOIL
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Table 5
Characteristics of soil isolates
exposed to Serin and 1-naphthol

Soil
isolate
number

Gram
stain
reaction

Morphology

Sporeformation

Motility
+

1

+

rod

+

2

-

rod

—

rod

—

+

3
4

+

rod

+

$

5

—

red

-

+

rod

-

-

rod

—

+

rod

-

+

rod

• —

—

6

t

rod

7

•.v

8

—

9
Arthrobacter

var*
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Table 6
Effect of Sevin and 1-naphthol on
generation time of soil isolates

Generation timo (hours)
Soil
Isolate
numberi

Oppm

50 ppm
Sevin

150 ppm
Sevin

50 ppm
l~naphthol

150 ppa
l-naphthol

^ajrr soma*

1

4.4

4.4

4.4

4.4

15.0

2

4.3

7.5

7.5

KG

KG

3.

7.5

7.5

12.0

KG

KG

4

3.0

3#8

3.3

3*3

KG

5

3.0

6.0

: 6.0

lOoO

KG

6

4.3

6.0

6.0

10o0

KG

7

2.2

2,5

2.3

2.3

KG

8

2.0

2.3

2.7

4.4

KG

9

1.9

2.0

3.0

3.0

KG

3.-0

3.3

4.4

KG

KG

Arthrobacter

.

NG=no growth
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of 50 PPra 1-naphthol,

Five of the isolates showed length¬

ened generation times from 10-333$» and the remaining 2
bacteria exhibited no change in the generation time.
Only 1 microorganism isolated from the soil, a
Bacillus sp., was able to grow in nutrient broth amended
with 150 ppm 1-naphthol.

Growth of the sporeformer at

this concentration of 1-naphthol was not dependent on
inoculum size (Table 7).

Growth of the Bacillus sp. in

nutrient broth with 300 ppm 1-naphthol occurred only at
the highest inoculum size of 1.4x10? organisms/ml.
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Table 7
$

Growth of Bacillus sp. in nutrient
broth amended with 1-naphthol

Growth in the presence of:
Number of organisms
Inoculated In flask
1.4x10? per ol

150.PP.nULrnajhthol

300 ppm 1-naphthol

+

+

Ic4xl0^ per ml

+

—~

1.4xi0^ per ml

+

—

1.4x10

+

"*

<5

per ml

•f = growth as determined by turbidity and microscopic
examination:
*- = no growth

^5
DISCUSSION

Sevin, if applied to the soil at recommended rates,
exerted no noticeable effect on the numbers of soil micro¬
organisms, nor did it cause a shift in soil microbial popu¬
lations,

At higher application rates, the pesticide caused

stimulation of soil bacteria and soil actlnomycetes.

The

populations that arose in response to Sevin undoubtedly
were able to utilize Sevin as a nutrient source.
11

:

t

.*

*■

The data
1

suggest that the side chain is hydrolyzed to methylamlne
with 1-naphthol remaining as the aromatic residue.

Whereas

methylamlne is probably readily metabolized by the soil
microflora, the aromatic nature of 1-naphthol increases its
resistance to microbial degradation.

Further, it was deter¬

mined that 1-naphthol is able to be rapidly adsorbed to the
clay fraction of the soil and that this phenomenon can be
directly correlated with the size of the molecule.

The

side chain of the molecule renders Sevin too large to fit
between the clay lattices of the expanding clays; hydro¬
lysis of the side chain permits adsorption.

The fact that

1-naphthol was extracted from the soil amended with 1000
ppm Sevin Indicated that Sevin indeed was oxidized to
1-naphthol, and that the clay fraction of the soil may
become saturated with 1-naphthol, at which point the mole¬
cule may be found in an extractable form, free from binding
to the clay lattices.
One-naphthol can be highly toxic to microorganisms,

46
especially in minimal nutrient solutions.

Even when grown

In nutrient broth, several of the soil isolates failed to
proliferate in the presence of 50 ppm 1-naphthol.

Only

a single soil isolate, a Bacillus sp., was able to tolerate
150 ppm 1-naphthol in nutrient broth.

Sporeforming bact¬

eria were better able to resist the toxic effect of i-naphthol.

Fifty ppm 1-naphthol was capable of preventing the

proliferation of pure cultures of all the soil Isolates
when it was present as the sole carbon source in a minimal
salts medium.
From the growth of the Bacillus sp. in a rich medium,
though 1-naphthol was present, it appears that an energy
source is necessary for cellular resistance to 1-naphthol
toxicity.

One might speculate too that the Bacillus iso¬

late possesses a transport mechanism that eliminates 1-naph¬
thol from the cell or else prevents 1-naphthol from enter¬
ing the cell.

Possibly too, sporulation is a form of 1-naph-

thol resistance, and the energy source serves for endospore
formation.
The toxic effects of 1-naphthol in the soil, and the
role that adsorption of 1-naphthol to expanding clays has
in detoxification remains to be more fully investigated.
Either 1-naphthol is irreversibly bound to the clay or
else an equilibrium is established between the 1-naphthol
in the clay lattices and the 1-naphthol in the soil solu¬
tion, and as the compound is utilized in solution, a cor-
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responding amount is released from the clay lattice into
the solution as in a steady state system.

If the former

is the correct hypothesis, repeated applications of Sevin
would result in eventual saturation of the clay with 1-naphthol, and an excess of the compound would be found free in
the soil solution.

If the latter hypothesis is correct,

1-naphthol would be slov/ly released to the soil solution,
enabling it to exert an effect for a long period of time.
The rate of nitrification in the soil as determined
by mg of nitrate produced \ms inhibited by Sevin, the
amount of inhibition being essentially proportional to
the concentration of the pesticide applied.

Bartha,

Lanzilotta, and Pramer (196?) determined that Sevin at
150 ppm was capable of inhibiting soil nitrification by
almost 60% after 12 days incubation.

The rate of nitrate

production from day 12 to day 18 was the same in the control
and amended flasks, indicating recovery from the toxic
effects of the pesticide.
The data presented in this thesis parallel their
results, revealing maximum inhibition of nitrification by
50^ after 12 days Incubation, after which time the amount
of inhibition decreased until 24 days, when it was observed
that the amended soil samples had largely recovered from
the toxic effects of Sevin.

The inhibitory effect lessened

after 12 days, and from 12 to 24 days Incubation, the
rate of nitrification in the amended soil samples was
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greater than in the control soil samples.

Fifty ppm Sevin

was sufficient to cause recognisable inhibition of nitri¬
fication in the soil*
Several factors operative in soil systems, however,
are capable of influencing final nitrate concentration.
Nitrate reduction for assimilatory purposes as well a3
denitrification may lead to erroneous interpretation of
data.

Thus any amendment that causes an increase in the

soil mlcroflora responsible for nitrate losses via reductive
processes may lead to an apparent decrease in nitrification,
so that the direct effect of pesticides such as Sevin on
nitrogen transformations cannot easily be assessed.
Methylamine, part of the- side chain structure of Sevin,
has been shown to exert a direct inhibitory effect on the
nitrifying bacteria (Lees, Quastel, 1946), even at low
concentrations of ? ug/ml (7 ppm).

Methylamine hydro¬

chloride when applied to the soil, resulted in inhibition
of nitrification, not, however, to the extent of the intact
pesticide molecule.

Maximum inhibition occurred after 12

days incubation and the recovery phenomenon noted with the
soil samples amended with Sevin was also observed with the
methylamine amended soil samples.
with as little as 5° ppm

Inhibition occurred

the compound.

One-naphthol, on the other hand, appeared to cause no
significant inhibition of the rate of soil nitrification.
After 6 days incubation, toxicity occurred only in the soil
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Samples amended with 100 and 150 ppm of 1-naphthol,

At

these concentrations, 1-naphthol would certainly be toxic
to the nitrifying bacteria in pure culture solution.

It

seems probable that adsorption of 1-naphthol to clays in
the soil is able to serve as a detoxifying mechanism. t.
Yet, if there is a slow steady state release of 1-naphthol
from the clay lattices to the soil solution, then a longer
period of inhibition at a lessor level may be postulated.
The nature of the binding of 1-naphthol to clay lattices
thus meets further investigation.

;

Sevin, in both the silt loam and the sandy loam soils,
exerted no significant effect on dehydrogenase activity ,
after 1 dey incubation period.

Definite stimulation of

dehydrogenase activity was noted in the silt loam soil after
2 days, the stimulation probably resulting from increased,
microbial proliferation due to utilization of the pesticide
as a nutrient source.

An inhibitory effect due to Sevin

was apparent in the silt loam soil after 3 days, especially
with the higher concentrations of 100, 150 and 500 ppm
Sevin.

This effect was largely overcome by the seventh

day, when it was observed that the amended soil samples
all showed marked increase in dehydrogenase activity in
comparison with the control soil samples.

However, the

highest concentrations of Sevin did not result in the
greatest dehydrogenase activity.

Maximum activity was

observed with 50 ppm Sevin and concentrations greater than

50
this resulted in a decline in dehydrogenase activity,
i

Dehydrogenase activity in the control sample did not
Increase after 3 days*

The results observed in the silt

loam soil at 7 days incubation indicate that soil dehydro¬
genase activity in the presence of Sevln is a function of
increased microbial activity sensitive to the compound.
It is also reflective of inhibitory pressures exerted as
well by the degradation products of the pesticide molecule,
One-naphthol in the silt loam soil Induced definite
inhibitory patterns at higher application rates.

Twenty-

five and 50 ppm of 1-naphthol resulted in Increased total
dehydrogenase activity, as a result, perhaps, of stimula¬
tion of microbial numbers which resulted In an overall
increase of dehydrogenase activity.

The effect, however,

may have been equally due to the adsorption of 1-naphthol
to clay with the resultant exchange and release of factors
enhancing microbial growth, thus Increasing soil dehydro¬
genase activity.

Inhibitory effects on total dehydrogenase

activity would appear to be the result of direct inhibition
of the enzymatic system, or the response to an antagonistic
effect reflecting competition for available coenzyme and
related substances.
The effect of adsorption of 1-naphthol to clays under
the anaerobic conditions of the test also suggests areas
for further, investigation.

It appears that 1-naphthol is

capable of exerting a toxic effect on soil organisms, but
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this toxicity is probably diminished due to adsorption of
the compound.
Sevin resulted in the inhibition of total dehydro¬
genase activity in a sandy loam soil.

After 14 days incu¬

bation, the amount of inhibition was generally proportional
to the concentration of the insecticide.

At 7 days, an

optimum in soil dehydrogenase activity was noted for the
sample amended with 50 ppm Sevin; this corresponded with
the effect of Sevin in the silt loam soil.
Total dehydrogenase activity in the sandy loam soil
was approximately threefold greater than the activity in
the silt loam soil.

The microbial populations in the poor¬

er soil were more responsive to Sevin, and perhaps the CaCO
amendment also, than the populations in the silt loam soil.
This would suggest that there is a more stable microbio¬
logical system in the richer soil, and hence its popula¬
tions are less responsive to exogenous pressures.
Clearly, the results from an experiment with one type
of soil may not be extrapolated to experiments with a
different soil type.

Soil microbiologists must renew with

each experiment their caution in making conclusive inter¬
pretations from results of experiments employing soil as
a medium.
Control experiments revealed that no reduction of the
triphenyltetrazolium chloride indicator occurred in the
presence or absence of Sevin and 1-naphthol in sterile soil
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Formation of triphenylformazan from the indicator is
dependent solely on the enzymatic activity of soil cells#
Sevin was able to effect increased rate of urease
activity over the first week of incubation, with the subse¬
quent increase of ammonia in the amended soils.

Again this

may have been due to increased microbial proliferation
which resulted in greater urease activity#

Sevin also

contains a reduced nitrogen group in its side chain which
may add to the total ammonia content of the soil*

One-

naphthol exerted no definitive effect on urease activity
in the soil#
In making a final assessment of the effects of Sevin
on soil microbial populations and the transformations these
effect, it is clear that at the field application rates
recommended, Sevin poses little agronomic hazard.

From

the standpoint,however, of its potential effects at mlcroecosltes, both the parent compound and its derivatives,
1-naphthol and raethylaralne, may impose significant environ¬
mental changes#

These would merit further investigation.
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APPENDIX

I.

Media
A.

Nutrient Agar

8.0 gm

Nutrient Broth

B*

Agar

15*0 gm

Distilled Water

1000 ml

Soil Extract Agar

10.0 gm

Glucose
K2HPO4

0.5 gm

*Soll Extract
'

100 ml

r

> •

Agar

15*0 gm

Adjust to pH*Mix 1000 ml of tap water and 1000 gm of soil
and autoclave for 20 minutes. Add 0.5 gm of
CaCO^ to flocculate colloidal material and
filter to clarify.
Glycerol Agar
Glycerol

10.0 gm

Sodium Asparaglnate

1.0 gm

K2HPO4

1.0 gm

Agar

15.0 gm

Distilled Water

1000 ml

Adjust to pH' 7.0 before adding agar
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De

Peptone Glucose Agar
Glue03e

10.0 gra

Peptone

5*0 gra

k2hpo4

1.0 gm

MgS04«7H20

0.5 gm

Agar*

20.0 gm

Distilled YJater

1000 ml

Adjust to pH 4.0 with IN HgSOij,
lie

Soil Analysis
A.

Sandy Loam Soil
1.

.

Textural Classification - Coarse Sandy Loam.
73*6$ sand
18.4^ silt
8.0^ clay

2.

Morgan Quick Test (Nutrient Availability)
Nitrate Nitrogen

med. high

40 lb/acre

Phosphorus

med. high

100 lb/acre

Potassium

very low

10 lb/acre

Calcium

very low

1000 lb/acre

Magnesium

low

24 lb/acre

3*

Soil Solution pH 4.9

4.

Woodruff Lime Requirement:
6700 lb CaCOo
gives an estimated cation exchange capacity
of 6«7 meq/100 gm of soil.
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B.

Silt Loam Soil
1.

Textural Classification
50^ fine sand

39a silt
11% clay
2.

3®

Morgan Quick Test (Nutrient Availability)
Nitrate Nitrogen

mcd. high

40 lb/acre

Phosphorus

med. high

100 lb/acre

Potassium

very low

Calcium

very high

Magnesium

high

Soil Solution pH 6*5

10 Ib/acre
3200 lb/acre
250 lb/acre
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